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536a Wednesday, February 6, 2013proteins. Because tumor cells exhibit altered membrane fluidity, we suggest
this might influence pHLIP tumor targeting. We used a cell insertion assay
to determine the pKa in live cells, observing that the properties in liposomes
held in the more complex plasma membrane. Our results show that the forma-
tion of a TM helix is modulated by both the conformational propensities of the
peptide and the physical properties of the bilayer. These results suggest a phys-
ical role for helix-membrane interactions in optimizing the function of more
complex TM proteins.
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Irina D. Pogozheva, Henry I. Mosberg, Andrei L. Lomize.
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Transmembrane polarity profiles and distributions of different protein groups
that interact directly with lipids were calculated for 3D structuresof 187
a-helical and 73 b-barrel proteins from eight types of biological membranes.
The polarity profiles were represented by H-bonding donor and acceptor capac-
ities (a and b) and polarizability parameter (p*) calculated for protein surface.
The proteins from the set have different hydrophobic thicknesses, with average
values of 23.1, 27.3 and 32.5 A˚ for outer bacterial, inner mitochondrial and
eukaryotic plasma membranes, respectively, and 29.5 to 30.6A˚ for endoplasmic
reticulum, thylakoid and different bacterial membranes. The proteins have
three distinct polarity regions: lipid head group area with peaks for positively
charged groups and crystallized water (15 to 25A˚ from the bilayer center);
interfacial ‘‘mid-polar’’ region with peaks for Tyr and Trp (8 to 15A˚); and
aliphatic hydrocarbon core (58A˚). Polarity of the core region was nearly
identical for different membranes (a~0.01, b~0.04, p*=0.09-0.14). Main
changes in polarity occur at the level of lipid carbonyl groups (~1555A˚),
but the changes are more gradual than in DOPC bilayer. The locations and
amplitudes of peaks for Trp, Tyr, and Phe are frequently asymmetric and de-
pendent on the type of membrane. The distributions of crystallized water
have two peaks at520A˚. Head groups of crystallized lipids are shitted closer
to the hydrocarbon boundary, especially in mitochondrial membrane and on the
inner side of eukaryotic plasma membrane. All proteins have a peak of positive
net charge at ~20 A˚ on the inner side, consistent with the ‘‘positive inside’’ rule,
except single-chain b-barrels that follow ‘‘negative inside’’ rule. All curves are
shifted inwards in b-barrels, consistent with their smaller thickness. Computa-
tional modeling of membrane proteins can be improved using hydrophobic
thicknesses and asymmetric polarity profiles for different membranes.
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Predictions for Cholesterol Interaction Sites on the A2A Adenosine
Receptor
Ji Young Lee, Edward Lyman.
University of Delaware, Newark, DE, USA.
Molecular dynamics simulations of the A2A adenosine receptor totaling
1.4 msec show clear evidence for specific sites mediating interactions between
adenosine-bound A2A and cholesterol. [Lee and Lyman JACS doi: 10.1021/
ja307532d] The strongest evidence is for three binding sites. Two are in the
extracellular leaflet, with one site interactingwith helicesVII and I, and the other
with helices II and III. One site is located in the intracellular leaflet, interacting
with helices III and IV. One of our three predicted binding sites is confirmed by
a recently-published high resolution structure of A2A cocrystallized with an an-
tagonist. Our results demonstrate the feasibility of identifying GPCR-lipid inter-
actions with relatively modest computational resources, offering a way to target
experimental follow-on studies at specific regions of the protein.
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Sorting of Lipidated Peptides in Fluid Bilayers: A Molecular-Level
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Paulo F. Almeida1, Trevor A. Daly2, Steven L. Regen2.
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Nearest-neighbor recognition (NNR) measurements have been made for two
lipidated forms of GlyCys, interacting with analogues of cholesterol and 1,2-di-
palmitoyl-sn-glycero-3-phosphocholine (DPPC) in the liquid-ordered (Lo) and
liquid-disordered (Ld) phases. Interaction free energies that have been deter-
mined from these measurements have been used in Monte Carlo simulations
to quantify the distribution of the peptides between liquid-ordered and
liquid-disordered regions. These simulations have shown that significant differ-
ences in the lipid chains have a very weak influence on the partitioning of the
peptide between these two phases. They have also revealed an insensitivity of
the peptide partition coefficient, Kp, to the size of the Lo and Ld domains that
are present. In a broader context, these findings strongly suggest that the sorting
of peripheral proteins in cellular membranes via differential lipidation may be
more subtle than previously thought.2754-Plat
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Bilayer
Ce´dric Grauffel1, Tao He2, Boqian Yang3, Patrick L. Wintrode4,
Anne Gershenson3, Mary F. Roberts2, Nathalie Reuter1.
1University of Bergen, Bergen, Norway, 2Boston College Chemistry,
Chestnut Hill, MA, USA, 3University of Massachusetts, Amherst, MA, USA,
4University of Maryland School of Pharmacy, Baltimore, MD, USA.
Phosphatidylinositol specific phospholipase Cs (PI-PLCs) from extra-cellular
bacterial pathogens are associated with bacterial virulence. Membrane binding
and enzymatic activity of many of these PI-PLCs are specifically enhanced by
the presence of phosphatidylcholine (PC), an abundant phospholipid in the
outer plasma membrane of eukaryotic cells targeted by these bacteria. The fre-
quency of aromatic amino acids, especially tyrosines, at the interface between
PI-PLC and the membrane is strikingly high. Interestingly X-ray structures of
choline-containing substrates bound to their receptors have revealed tyrosine-
mediated pi-cation interactions with choline moieties (Cho). In order to inves-
tigate the presence of pi-cation interactions between PI-PLC tyrosines and Cho
in lipid headgroups, we performed a 500 nanoseconds-long molecular dynam-
ics (MD) simulation of PI-PLC anchored the surface of a lipid bilayer contain-
ing 256 dimyristoylphosphatidylcholine (DMPC) lipids. The analysis of the
trajectory reveals six tyrosines that are involved in pi-cation interactions with
bilayer lipids. Two, Tyr88 and Tyr246, engage in long-lasting Tyr-Cho interac-
tions that are present more than 80% of the time, while four others, Tyr251,
Tyr204, Tyr86 and Tyr118, interact with Cho less frequently (<40%), but
regularly during the simulation. In our simulations, all significant pi-cation
interactions with cholines are thus mediated by tyrosines while tryptophans in-
teract with the lipid tails. Together with new experimental data on wild-type and
tyrosine mutants of PI-PLC our results indicate an important role for tyrosine-
mediated pi-cation interactions in the specific binding of PI-PLC to PC-
containing membranes. Further we suggest that tyrosine-rich interfacial binding
sites in amphitropic proteins might indicate a role for pi-cation interactions.
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The Dengue Virus Capsid Protein Inhibitor Peptide Pep14-23 becomes
Alpha-Helical upon Binding to Negative Lipids
Andre´ F. Faustino1, Vanessa Artilheiro1, Miguel A.R.B. Castanho1,
Fa´bio Almeida2, Andrea T. Da Poian2, Nuno C. Santos1, Ivo C. Martins1.
1Instituto de Medicina Molecular (IMM), Faculdade de Medicina da
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Dengue virus (DENV) causes a mosquito-borne disease affecting millions of
people, which is spreading to temperate regions, including North America
and Europe. Currently, there is no effective treatment for DENV infection.
The interaction in the host liver of the viral capsid (C) protein with host intra-
cellular lipid droplets (LDs) is crucial for virus formation [1], being previously
studied in our labs [2, 3]. DENV C-LDs interaction involves a conserved seg-
ment of DENV C intrinsically disordered N-terminus [3], which led to the de-
sign of pep14-23, a novel peptide inhibitor of this critical interaction [3].
Here, we used bioinformatics tools, combined with circular dichroism (CD) and
zeta-potential analysis, to determine the structural parameters and the tendency
of DENV C and pep14-23 to interact and bind lipid vesicles. Bioinformatics
suggests that the Flavivirus capsid protein N-terminus region, roughly corre-
sponding to pep14-23, has a high a-helical tendency and is likely to interact
with lipid systems. CD shows a conversion of pep14-23 to a-helix conforma-
tion in the presence of negative phospholipids. Zeta-potential light scattering
spectroscopy supports the CD data, showing that the peptide binds strongly
to negative lipid vesicles.
pep14-23 inhibition mechanism may therefore involve its binding to negative
LDs phospholipids and the conversion to an a-helical peptide. This finding
contributes to the design of pep14-23 based treatments of DENV and similar
Flavivirus infections.
References
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Wednesday, February 6, 2013 537aThe universal response to stress is mediated by the expression of heat shock
proteins (hsp), which are involved in repair and recovery from the insult. In
addition, their presence provides protection from subsequent insults, which
has been coined stress tolerance. The cytoprotective role of hsp has been asso-
ciated with their chaperone function within the cytosol. However, hsp were
recently found outside cells where they acted as signaling molecules directed
at activating the immune system to avoid the propagation of the insult.
Hsp70, the major inducible form of the hsp family, does not contain any con-
sensus secretory signal that predicts its secretion via the ER-Golgi pathway.
Therefore, it is likely that the export of Hsp70 to the extracellular environment
is mediated by the propose that Hsp70 is exported by a novel mechanism
initiated by the translocation of the protein into the plasma membrane and is
released associated with vesicles called export or extracellular vesicles
(ECV). To test this hypothesis, we developed a liposome insertion assay using
pure recombinant Hsp70. We found that Hsp70 insertion into lipid membranes
was spontaneous and specific for negatively charged lipids, such as phosphati-
dylserine and phosphatidylglycerol. In contrast, positive or neutral lipids did
not support membrane insertion. We also found that less fluid lipid environ-
ments highly favored membrane insertion, which resembles in vivo observa-
tions indicating the presence of Hsp70 in lipid rafts of cells. In summary, our
observations support the hypothesis that membrane insertion is the first stage
of secretion of Hsp70 into the extracellular environment in the form of vesicles.
We speculate that hsp70-ECV may result in a robust activation of the immune
system that is part of the systemic response to stress.
Supported by NIH R01 GM098455.
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Synaptotagmin (Syt) proteins serve as Ca2þ sensitive triggers in many exocy-
totic pathways, with the seventeen different human isoforms active in various
cell types. Syt proteins contain two C2 domains, C2A and C2B, which bind
membranes in response to Ca2þ to drive vesicle fusion. Much is known about
the biophysical mechanism of function for Syt1, which triggers fusion for rapid
neurotransmitter secretion, but less mechanistic information is available for
other isoforms. Syt7 typically operates in slower pathways requiring smaller
peak Ca2þ concentrations, and its C2 domains are known to bind membranes
with a much higher Ca2þ sensitivity compared to Syt1. using kinetic and
equilibrium fluorescence measurements of C2A domain docking to synthetic
liposomes approximating the lipid composition of physiological membranes,
we report that the differences between the two isoforms include kinetic and
solute effects consistent with much greater hydrophobic membrane contact
for Syt7 C2A. A strong hydrophobic contribution to the membrane docking
mechanism of Syt7 C2A stands in contrast to the known electrostatic mem-
brane interaction of Syt1 C2A, and is somewhat surprising given the 90%
conserved amino acid polarity between the two domains. In order to test our
proposed hydrophobic docking model for Syt7 C2A and probe its structural
origins, we use a combination of site-directed mutagenesis, equilibrium and
kinetic protein-membrane docking assays, and electron paramagnetic
resonance-based depth measurements. In addition, single-molecule measure-
ment of protein lateral diffusion on supported lipid bilayers is used to report
on contributions of intra- and intermolecular protein-protein contact to the
membrane-docked states of individual C2 domains and C2AB tandems. The
results are interpreted to provide information on the structural origins of differ-
ences in function between these two isoforms.Platform: Membrane Receptors & Signal
Transduction II
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Enzymatic Activity of GPCRs: Reductase Activity of b2 Adrenergic and
Histamine Receptors
Patrick F. Dillon.
Michigan State University, East Lansing, MI, USA.
The GPCRs b2 Adrenergic Receptors and Histamine Receptors have been
shown to have extracellular enhancement of their receptor activity by ascor-
bate. Ascorbate binds on the 2nd extracellular loop and shifts the agonistdose-response curve approximately 0.5 log units to the left. When present
with ascorbate, receptor-membrane preparations significantly reduced the
rate of ascorbate oxidation. As the molar concentration of ascorbate greatly ex-
ceeded that of the receptors, one-to-one binding is not possible, and the pres-
ences of receptor reductase activity was suspected. In the studies below,
ascorbate but not its oxidation product DHA is shown to absorb at 265 nm using
both UV spectroscopy (UVS) and capillary electrophoresis (CE). Ascorbate
oxidation is shown by the disappearance of ascorbate absorbance. DHA reduc-
tion is shown by the appearance of ascorbate. The equilibrium constant for
DHA/Asc was found to be 49: 10 mM DHA produced 20 mM Asc at equilib-
rium. using UVS (AR) and CE (HR), both b2AR and HR increase the DHA
reduction rate by 40-50% at 20 mM phosphate. The rate of DHA reduction
was found to be dependent on both the phosphate concentration and specifically
on the presence of HPO4
2-. The net reduction of DHA is DHA þ 2 HPO42-4
Asc þ 2 PO43- with the reaction enzymatically enhanced by b2AR and HR. At
physiological phosphate concentrations of 1 mM, the fractional increase in
DHA reduction due to GPCRs may be even greater than that measured at
20 mM phosphate, as the reduction rate for 1 mM phosphate alone is very
low. These observations may be an important addition to GPCR function and
to evolutionary theories of reduction in the pre-biotic world.
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Enthalpic and entropic changes during GPCR activation are poorly understood.
Based on the recent solved structures, researchers in the GPCR structural
biology field have proposed several ’local activating switches’ that consisted
of a few number of conserved residues, but have long ignored the collective
dynamical effect (conformational entropy) of a domain composed of an ensem-
ble of residues. A new paradigm has been proposed recently that a GPCR can
be viewed as a composition of several functional coupling domains, each of
which undergoes order-to-disorder or disorder-to-order transitions upon activa-
tion. Here we identified and studied these functional coupling domains by
comparing the local entropy changes of each residue between the inactive
and active states of the b2 adrenergic receptor from molecular dynamics sim-
ulation. We found that agonist and G-protein binding increases the heterogene-
ity of the entropy distribution in the receptor. This new activation paradigm in
terms of receptor entropic maps provides a novel way to design functionally
biased mutants and may also assist in the identification of allosteric sites in
GPCRs.
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The cannabinoid receptor subtype 2 (CB2) is a class A (rhodopsin-like) G-pro-
tein-coupled receptor (GPCR) that is highly expressed in the immune system
(Galiegue et al., 1995) and signals via Gi proteins (Glass and Northup,
1999). The GPCR signaling cascade begins with agonist binding to an inactive
receptor, causing conformational changes that activate the receptor. In previous
work, we used molecular dynamics simulations to study the activation of the
CB2 receptor, by the endogenous ligand, 2-arachidonoylglycerol (2-AG) via
the lipid bilayer (Hurst et al., 2010). In work described here, we used our 2-
AG activated CB2 model to produce an initial 2-AG/CB2/Gai1b1g2 assembly
based on the crystal structure of b2 adrenoreceptor in complex with Gasb1g2
(Rasmussen et al., 2011). Here, the G protein was located underneath CB2, but
not inserted into CB2. The 2-AG/CB2/Gai1b1g2 assembly was then immersed
in a fully hydrated 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC)
bilayer and NPT NAMD (Phillips et al., 2005) molecular dynamics simulations
were initiated for four different makes of this system. Initial dynamics (50ns -
150ns) suggests that the C-terminus of Gai (last 11 residues on a5 helix I344
to F354) inserts itself into the intracellular opening of the CB2 activated recep-
tor at an altered angle compared to the b2 adrenoreceptor/Gasb1g2 complex.
The distance between intracellular ends of CB2 TMH3 and TMH6 increases
relative to the 2-AG/CB2 complex, suggesting the first step in the formation
of the 2-AG/CB2/Gai1b1g2 complex. [Support: RO1 DA003934 and KO5
DA021358 (PHR)]
